Introduction
The oral cavity is vulnerable to external agents, and some occupational exposures are associated with oral changes in both hard and soft tissues. Occupational exposure to sulfuric acid mists has been described in association with dental erosion and ulcerative mucosal lesions 1, 2, 3, 4 , explained by the high irritant and corrosive acid effects that damage the enamel structure, cause inflammatory and immune reactions, and reduce the salivary pH that can also compromise resistance to infections in the oral cavity 5 . Less studied is the association between inorganic acid exposures and periodontal lesions. A few studies have reported a positive association between occupational exposures to strong acids and periodontal pockets or gingival bleeding 6, 7 and an increased prevalence of gingival bleeding among exposed workers 7, 8, 9 . In a previous study conducted in the same factory targeted in the current investigation, no association was found between acid mists or acid gases and high changes in periodontal scores, a summary indicator of overall periodontal health 10 .
Periodontal disease comprises a group of chronic inflammatory diseases that affects the supporting tissues of the teeth and is associated with gingival bleeding, periodontal pockets, redness, and periodontal attachment loss (PAL) 11 . The destructive forms of these diseases are characterized by loss of tooth epithelial attachment to gingival connective tissues and resorption of the alveolar bone that provides physical support to the dental structure 12 . PAL corresponds to the distance from the cementum-enamel junction to the gingival sulcus or periodontal pocket 13 . PAL has been recognized as a relevant late stage of periodontal disease, because it is an important predictor of destructive forms of this frequently irreversible condition 14, 15 . Exogenous agents like nicotine, alcohol 16 , and lead 2 may cause or contribute to the occurrence of severe forms of periodontal destruction, such as PAL. No studies addressing the association between exposure to acid mists and PAL. The purpose of this study was thus to examine the hypothesis that occupational exposure to acid mists is a potential risk factor for PAL.
Methods
This was a cross-sectional study of all active workers in a metal processing plant in Brazil, where acid agents, particularly sulfuric acid, are used extensively in several stages of the production process. Since 1999, an oral health promotion program has been under development by a nationwide institution that provides subsidized occupational health services to the manufacturing industry in Brazil. The program's strategy is based on yearly visits to an oral health care facility, located in the plant, during which the workers are individually interviewed to obtain sociodemographic, occupational, life-style, and clinical history. They also have a complete oral exam including a full investigation of periodontal status. When recommended, dental treatment and/or participation in a health education program are made available. The study population comprises all active male workers and trainees who volunteered to participate in this oral health promotion program and had at least one oral exam during the study period, from 2000 to 2003, when an appropriate investigation of periodontal status was performed. Before this period, periodontal status had been evaluated using the community periodontal index methodology 17 , which recommends a partial and hierarchical exam. Because some workers did not attend all scheduled visits, only the most recent exam was considered. Women were excluded because they represent a small proportion of workers, and most were not exposed to the acid substances under investigation. Edentulous individuals and wearers of fixed orthodontic appliances were also excluded.
Dentists in charge of the clinical examinations were trained to perform standardized procedures according to the community periodontal index and attachment loss index proposed in the World Health Organization guidelines 17 . The oral health program protocol states that periodontal assessment should be conducted by examining every surface of each tooth using a CPI probe 17 . Therefore, distinctly from the traditional evaluation procedure that recommends examining some index teeth 17 , all tooth surfaces were examined. Additionally, all periodontal conditions according the community periodontal index and attachment loss index criteria are recorded, and not only the more severe alterations as proposed by WHO 17 . PAL was defined as periodontal attachment level 3 4mm at probing in at least one site of one tooth, according to Kingman & Albandar 13 who considered the presence of periodontal disease as the dependent variable. Exposure assessment was conducted using a job exposure matrix with job titles on one axis and inorganic acids on the other. Industrial hygienists from the factory recorded whether exposure was likely to occur in each corresponding job title. In this study, acid mists comprise a mixture of inorganic acids, specifically sulfuric acid, chlorhydric acid, electrolytic solution of sulfuric acid and acid "water" that expresses diluted sulfuric acid. Based on data from each worker's occupational history obtained from the plant log, the time spent on each job position identified as "exposed" was summed to obtain a total exposure time to acid mists. Exposure-related data were analyzed using three different variables: history of exposure (ever and never exposed); experience of exposure (past, currently, and never exposed); duration of exposure (> 6 years, ≤ 6 years, and never exposed). Covariates were: sociodemographic (age in years and education: college versus less than college); life style (smoking: non-smoker versus smoker/ ex-smoker), alcohol consumption (nondrinker versus frequent/occasional drinker), and oral health habits, assessed by the frequency of dental flossing and dental visits, both coded as frequent, rare/never. Oral breathing was assessed by asking workers whether they "frequently breath through the mouth" (yes/no).
Statistical methods
Unconditional logistic regression was used to estimate prevalence ratios for the association between acid mist exposure and periodontal attachment loss. Statistical inference was based on 95% confidence intervals estimated with the Delta method 18 . Modeling was conducted using backward procedures, starting with a complete equation with all potential confounders, effect modifiers, and their corresponding product terms. Confounders were covariates that changed the estimated association between acid mist exposure and PAL by at least 20%. Findings from previous studies and the theoretical framework were also used to assess confounding. Effect modifiers were identified using the maximum likelihood ratio test. 
Results
There were a total of 731 workers in the plant at the beginning of the oral health program in 1999, but only 598 (82%) had at least one oral exam during the defined study period. Women (54; 8.9%), edentulous individuals, and wearers of fixed orthodontic appliances (16; 2.7%) were excluded, leaving 530 workers for analysis. Table 1 shows that workers who had ever been exposed to acid mists were younger and had less schooling than the non-exposed. Frequent flossing, dental visits, and alcohol consumption were more commonly reported by those who had ever been exposed, but oral breathing was more frequent in the nonexposed group. No difference was found in smoking according to exposure status (Table 1) .
Exposure to acid mists was common in the study population. A total of 216 workers (40.8%) had ever been exposed, 163 (30.8%) were currently exposed, and considering the cumulative exposure time, 123 (23.2%) had over 6 years of exposure ( Table 2) . Prevalence of periodontal attachment loss was estimated as 25.3% (134/530) in the total sample. Of the workers who had ever been exposed to acid mists, 26.4% showed PAL, similar to the rate in the non-exposed group (24.5%), a non-statistically significant difference. No differences were found for PAL prevalence according to all other exposure-related variables (Table 2) .
Based on unconditional logistic regression, frequency of flossing was an effect modifier of the association between history of exposure to acid mists and PAL (maximum likelihood ratio test, c 2 = 4.99, 1 degree of freedom, df, p = 0.025), therefore all results are presented separately for each category of this covariate. Age was identified as a confounding covariate. Final prevalence ratios were also adjusted for alcohol consumption and smoking based on theoretical considerations, since no empirical evidence of their confounding effect was observed (Table 3 ). In the group of workers who did not report frequent flossing, individuals who had ever been exposed to acid mists were more likely to have PAL (PR adjusted = 2.17; 95%CI: 1.26-3.76) as compared to non-exposed workers, after adjusting for age, alcohol consumption, and smoking. Similarly, workers with past exposure to acid mists had a higher prevalence of PAL (PR adjusted = 2.11; 95%CI: 1.16-3.86) than those who had never been exposed. More than 6 years of exposure to acid mists was also positively associated with PAL for adjusted (PR adjusted = 1.77; 95%CI: 1.04-3.00) and crude (PR crude = 1.62; 95%CI: 1.02-2.55) estimates. In contrast, in the group of non-frequent dental floss users, no statistically significant differences were found (Table 3) .
Discussion
Results from this study suggest that individuals exposed to inorganic acids like acid mists composed of mixtures of sulfuric and chlorhydric acid have an increased prevalence of PAL, a common periodontal health problem, but this association was limited to the group that reported non-frequent use of dental floss. Although PAL had not been investigated as a potential effect of exposure to acid mists, these results are consistent with other findings indicating a positive association between occupational exposure to acid products and symptoms of periodontal disease, such as gingival bleeding 7, 8, 9 and periodontal pockets ≥ 4mm 6, 7 . However, no association was found between bone loss, another periodontal disease sign, and exposure to electrolytic solutions 7 . None of these studies considered confounders or effect modifiers in the analysis. A previous study conducted in this same factory tested the hypothesis that exposure to acid mists was associated with periodontal changes using a composite indicator, the community periodontal index of treatment needs (CPITN), and no statistically significant differences were found, even considering several appropriate covariates in the analysis 10 .
Interestingly, past exposure to acid mists and exposure of greater than 6 years were positively associated with PAL in the study population, which supports existing knowledge that this is a chronic although non-continuous and cumulative destructive periodontal disease 16 . The find- Table 1 Characteristics of the study population according to history of occupational acid mist exposure (n = 530), Brazil.
Variables
History of exposure * Some totals differ because of missing values for schooling (eight), oral breathing (three), frequency of dental visits (two), and frequency of dental fl oss use (fi ve). Table 2 Crude and adjusted prevalence ratios (PR) and their Mantel-Haenszel 95% confi dence intervals (95%CI) for the association between acid mist exposure and periodontal attachment loss (≥ 4mm in at least one tooth). *** To analyze experience of exposure and duration of exposure, dummy variables were created using "never exposed" as the referent category. Other variables were coded as: frequency of dental fl oss use -0 = frequent, 1 = rare/never; alcohol consumption -0 = nondrinker, 1 = drinker (occasional/frequent); smoking -0 = non-smoker, 1 = smoker/ex-smoker.
ings were consistent with those of Tuominen 6 , who observed that the association between exposure to inorganic acid vapors and periodontal pockets ≥ 4mm occurred only in workers with more than 16 years of employment history. It is well known that poor oral hygiene is a predictor of gingivitis but not of periodontitis, although there is a relative consensus that gingivitis need to be prevented to control periodontitis 12 . Oral hygiene status is directly related to the amount of dental plaque accumulated over the teeth and periodontal tissues 16 , a precondition for the onset of periodontal disease 12 . In this study, the synergism between the use of dental floss and the association between acid mist exposure and PAL, besides demonstrating the relevance of oral hygiene for maintaining good periodontal health, also suggests that it can reduce the contact between periodontal structures and chemical agents that may enter the mouth.
Strong inorganic acids such as sulfuric and chlorhydric acid, the principal components of acid mists, are irritant by their own and can affect the skin, eyes, and mucosa 21 . Therefore, periodontal tissues may possibly be damaged by acid mists, which remain in the breathing zone 1 . Vianna et al. 1 observed that when lip sealing is absent, there is an increase in the association between occupational exposure to acid mists and ulcerative lesions of the oral mucosa. In this database the lip sealing covariate was not available for the analysis, and no evidence was found that oral breathing, a proxy of lip sealing, was an effect modifier of the main association.
The association between exposure to acid mists and periodontal disease may be a result of changes in intracellular and extracellular pH, which plays an important role in the control of cell growth and differentiation. Changes in physiological pH determine genotoxic effects 5, 19 which may be evidence of inorganic acid carcinogenicity. Chronic irritation of tissues by acids is also responsible for increased frequency of infections 5 , also found in association with salivary changes such as the reduction of pH 20 and buffer capacity 21 , both related to periodontal disease. Exposure to sulfuric acid also leads to immune reactions such as a decrease in the phagocytic capacity of macrophages and cytotoxic activity of tumor necrosis factor, and increase the number of chromosomal abnormalities in human lymphocytes 5 ; it can also compromise the local immune response produced by the saliva, as well as the systemic response through immunoglobulin changes 21 . These mechanisms related to the individual defense system support our study findings.
It is now well known that PAL is the principal sign of destructive chronic periodontal disease, while gingival bleeding, periodontal pockets, redness, and suppuration are only acute reversible manifestations 14, 15 . Therefore, epidemiological studies have used PAL as the principal measure of the chronic irreversible stage of this disease 13, 16, 22 . Conclusions from this study need to be interpreted with caution because of several methodological limitations. The study design is not the most appropriate for assessing causal association, because the antecedence of exposure to acid mists in relation to periodontal disease cannot be affirmed. Definition and classification of diagnosis and severity of periodontal disease pose difficulties for clinicians and researchers 13 , due to the multiple manifestations and complex etiology, where several risk factors have been described as playing distinct roles in the same individual and across different populations 23 . Although clinical parameters from community periodontal index and attachment loss index 17 were used to assess periodontal disease in this study, each tooth was examined and all identified signs were recorded. The number of lost teeth was not considered in the analysis, thus leading to selection bias due to dental survival, i.e., towards the null hypothesis. This is plausible, since the prevalence of periodontal disease may be underestimated because only lesions in the remaining teeth were recorded 24 . Nevertheless, the observed positive associations support the conclusion that this bias was not sufficient to compromise statistical inference. Poor quality and missing information are common in secondary data like those used in this study and can lead to misclassification errors or selection bias. However this was not the case with this database, which is electronically managed and submitted to a rigorous quality monitoring and control. Exposure to acid mists was assessed using a semi-quantitative job exposure matrix, a method widely used in occupational epidemiology. Although the data are of limited quality as compared to quantitative data, the absence of more sensitive and specific instruments to provide more reliable data from industrial plants have made them a useful resource in workplace research 25 .
Thus, exposure to acid mists is a potential risk factor for periodontal disease, identified in this study by PAL, and further studies need to be done using a longitudinal design and more accurate exposure measures. It is also necessary to investigate the effects of the intensity of exposure to acid mists on periodontal structures. Our results show the importance of adequate oral hygiene for preserving periodontal health, even in the presence of chemical exposures such as those involving inorganic acids. However, since acid mists are also known to cause more severe health effects such as laryngeal cancer and neoplasm of the upper respiratory tract 5, 19 , workers' protection against these exposures are strongly recommended. In industrialized countries, acid mists have been subject to control for decades, and surprisingly, studies on their health effects have become rare. In developing countries, where acid mists are a common source of occupational exposure, health programs should emphasize oral hygiene because of its proven protective effect against several oral diseases, but health professionals should be aware that acid mist control programs are the most appropriate intervention for workers' protection. 
Resumo

